InTRoduCTIon
Exercise is associated with multiple cardiovascular benefits, and all individuals with cardiovascular disease should be encouraged to engage in some form of physical activity to maintain a healthy lifestyle. In the Western world, valvular heart disease is predominantly secondary to a degenerative process and generally prevalent from the sixth decade onwards 1 but may also affect young and middleaged individuals who are interested in participating in athletic activities. 2 Congenital defects are most common cause of valvular heart disease among young individuals. Indeed, the prevalence of congenital valvular heart disease compatible with daily life activities in the general population is in the range of 1%-2%, and a significant proportion of such individuals aspire to engage in intensive physical training including competitive sport. 3 4 There are no prospective studies examining the impact of regular exercise on the progression of valvular heart disease. In the absence of such data, general guidance is based on consensus opinions and long-term follow-up studies from assessment of non-athletic individuals with these conditions. [5] [6] [7] In general, asymptomatic athletes with mild valvular disease, normal ventricular function and good functional capacity can engage in all competitive sport. Rightsided valvular abnormalities are better tolerated than left-sided valvular abnormalities, and regurgitant lesions are better tolerated than stenotic lesions. This review will focus on the potential pathophysiological mechanisms of exercise-related valvular degeneration and provide a pragmatic approach in the management of competitive athletes and leisure sports persons with valvular heart disease.
Potential effects of exercise on valvular abnormalities
Although there is very limited data on the effects of intensive exercise on valvular heart disease, it is possible that the accompanying adrenergic surges and increased haemodynamic load on the heart may have several potential consequences in affected individuals (figure 1). Experience from the general population with progressive valvular disease suggests that the ensuing valvular regurgitation or stenosis is associated with compensatory ventricular enlargement, hypertrophy and dysfunction. The main clinical consequences include reduced functional capacity, syncope, myocardial ischaemia, a predilection to atrial and/or ventricular arrhythmias and sudden death. Individuals with advanced leftsided valvular lesions will have elevated left atrial pressure and may eventually develop pulmonary hypertension. Given that patients with bicuspid aortic valve (BAV) may have accompanying aortopathy, the stress on the aortic wall from increased stroke volume and raised aortic pressure during high intensity exercise may theoretically accelerate the risk of dilatation or dissection of the aortic root or ascending aorta.
Valve diseases considered safe for intensive exercise
Eligibility for competitive sports participation for individuals with valve disease is determined by several factors including symptomatic status, functional capacity, type and severity of valve disease, alterations in myocardial structure and function, pulmonary artery pressure and risk of arrhythmia. According to the American Heart Association (AHA) and American College of Cardiology (ACC) scientific statement, asymptomatic individuals, lesions considered safe and compatible with exercise include the mild stenotic and mild regurgitant lesions (table 1). Competitive exercise is also possible in individuals with moderate regurgitant lesions in the presence of good functional capacity, normal haemodynamic response to exercise and absence of exercise induced arrhythmias. In this regard, it is essential to perform an exercise stress test to ensure that an individual with valve disease can tolerate the level of exertion expected from the specific type of physical activity wished to be engaged in without symptoms, haemodynamic compromise, inducible myocardial ischaemia or arrhythmias.
Individuals who exercise intensively for ≥4 hours per week develop a 10% increase in ventricular cavity size. The magnitude of the absolute left ventricular (LV) cavity size is influenced by several demographic factors including age, sex, size and sporting discipline. 8 As many as 14% of male athletes reveal an LV end-diastolic dimension >60 mm. 9 The current recommendations account for the physiological effects of intensive physical training on cardiac chamber size and provide upper limits of LV dimensions to facilitate decision making in athletes with moderate aortic or mitral regurgitation. 2 Among sedentary individuals, such dimensions would be an indication for surgical intervention despite the absence of symptoms. Specifically, individuals with moderate aortic regurgitation may compete in all sporting disciplines provided the LV end-systolic dimension is <50 mm in males and <40 mm in females or <25 mm/m 2 (either sex), and LV function is preserved if a maximal exercise stress test is normal. Similarly, individuals with moderate mitral regurgitation may compete in all sport if Left ventricular end diastolic dimension (LVEDD) <60 mm (or <35.3 mm/m 2 in men and <40 mm/m 2 in women) with preserved LV function, pulmonary artery pressure (PAP) <30 mm Hg and good functional capacity. Even these dimensions may be considered conservative especially in adult male endurance athletes with a body surface area of ≥2m 2 , and a tailored approach is recommended, which accounts for these demographics before imposing restriction.
Individuals with moderate aortic stenosis may participate in low and moderate dynamic and static sports such as cricket, volleyball, running and rugby in the absence myocardial ischaemia, tachyarrhythmias and a blunted BP response to exercise. Individuals with severe stenotic valvular lesions particularly aortic stenosis should be advised to abstain from participation in any competitive or leisure sport/exercise other than light activities.
With increasing globalisation of elite sport, cardiologists in the Western world may encounter athletes from the developing world with rheumatic mitral stenosis. Most athletes with severe mitral stenosis are unable to participate in competitive sport involving moderate or high intensity exercise; however, athletes with mild or moderate mitral stenosis may be asymptomatic. There is a theoretical risk that increased left ventricular filling during exercise may precipitate acute pulmonary oedema in the short term or cause atrial fibrillation in the long term. In general, athletes with a mitral valve area <1.1 cm 2 should not participate in competitive sport with exception of low intensity sport. Athletes with a mitral valve area >2.0 cm 2 and in sinus rhythm can participate in all sport pending demonstration of good functional capacity on exercise tolerance test. Athletes who have atrial fibrillation should be anticoagulated and avoid contact/ collision sport.
Mitral valve prolapse (MVP)
Mitral valve prolapse (MVP) is a common condition that has a genetic predisposition, resulting in myxomatous changes of the mitral valve leaflets. The estimated incidence of MVP is between 0.2% and 0.4% per year in the general population. 10 Excessive lengthening and thickening of the mitral valve leaflets and chords results in prolapse of the leaflets in to the left atrium in systole with the potential for progressive mitral regurgitation from loss of leaflet apposition. The natural history of MVP is generally benign with a 10-year mortality risk of 5% 11 ; however, MVP is the main cause for surgical intervention for severe mitral regurgitation in developed countries. 12 Chronic mitral regurgitation may be associated with pulmonary hypertension with subsequent right heart failure, increased risk of arrhythmias including atrial fibrillation 13 14 with subsequent thromboembolic events and infective endocarditis.
MVP has been associated with an increased predisposition to arrhythmogenic sudden cardiac death (SCD), 15 which is the most feared complication of the disorder. A systematically maintained Italian cardiac pathological registry of 650 SCDs in young adults aged ≤40 years demonstrated that 7% (n=43) of all deaths were from MVP. Such deaths were more common in women (n=26; 60%) in whom MVP was the most common structural cardiac abnormality identified following SCD. 16 Most decedents with a premortem diagnosis of MVP did not have severe mitral regurgitation; therefore, risk stratification for SCD is challenging. Certain electrical and structural abnormalities may identify high-risk patients. Among 12 individuals with MVP with an available ECG, 10 (83%) revealed inverted T-waves in inferior leads and ventricular extrasystoles of right bundle branch block ventricular morphology. These electrical anomalies suggest that the mechanical effects of MVP create an arrhythmogenic milieu that may cause sustained and potentially life-threatening arrhythmias in some patients. An autopsy series has previously shown increased scarring in the inferobasal wall and the papillary muscles in almost 90% of decedents with MVP. Bileaflet MVP was identified in 70% of this population. The authors postulated that excessive stretch by the flail leaflets causes myocardial scarring and promotes arrhythmogenesis. In a more recent study, the same group of researchers examined 36 living patients with arrhythmic MVP and confirmed the presence of inferobasal and papillary muscle fibrosis on cardiovascular magnetic resonance in 93% cases compared with those without arrhythmia where late scarring was noted in only 14% cases. 17 The authors also noted longer mitral valve annulus disjunction, also presumably due to stretch among patients with MVP and ventricular arrhythmias compared with those without arrhythmia.
Whether MVP exacerbates risk of SCD in athletes is unclear. In another Italian study of young competitive athletes MVP was identified in 2.9% of 7449 athletes. During the follow-up period of 8±2 years, there were no reported SCDs. Adverse events occurred at a rate of 0.5% per annum and included flail leaflets, incident dyspnoea, progressive mitral regurgitation with LV dilatation, ischaemic stroke and atrial fibrillation requiring hospitalisation. 18 Such events occurred in older athletes who also showed mitral valve disjunction and ventricular arrhythmias at baseline evaluation. Athletes with isolated MVP or mild mitral regurgitation had no adverse events.
In general, most physically active people with MVP that have mild to moderate regurgitation can engage in all competitive sport; however, based on the Italian studies, there are several markers that may signify increased risk of SCD including T-wave inversion in the inferior leads on the 12-lead ECG, ventricular arrhythmias on Holter ECG, severe mitral regurgitation, LV systolic dysfunction, family history of SCD and myocardial fibrosis in the LV inferolateral basal region (figure 2). The current AHA/ACC 2 consensus panel do not make any specific recommendations with the exception that in the presence of LV systolic dysfunction, arrhythmias on Holter recording or a family history of SCD, exercise in individuals with MVP should be restricted to low-intensity competitive sport.
bicuspid aortic valve
Bicuspid aortic valve is the most common congenital heart defect and affects 1%-2% of the general population. 19 The prevalence of BAV in athletes is similar to that in the general population. There appears to be a higher male preponderance with a 3:1 ratio. BAV disease also has a genetic component similar to MVP, although a specific gene mutation has yet to be identified. Clinical studies demonstrate that one-third of families of individuals with BAV may have more than one affected member. 20 Asymptomatic adults with BAV generally have a good prognosis with survival rates similar to those in the general population. 19 Over one-third of individuals with BAV may develop serious complications including aortic stenosis or aortic regurgitation from the fifth decade onwards (figure 3). Individuals with fusion of the right and non-coronary leaflets have a higher risk and rapid progression of aortic stenosis and regurgitation. 21 In contrast, patients with fusion of right and left coronary leaflets exhibit a greater degree of aortic wall degeneration and is also associated with coarctation of the aorta. 22 BAV is a marker of connective tissue abnormalities and may be associated with an aortopathy.
The haemodynamic effects of intensive exercise do not appear to have a negative impact on LV structure and function among athletes with BAV in the medium term. In a 5-year follow-up study on 292 subjects with BAV (210 athletes, 23 ex-athletes and 59 controls), there was no significant change in LV morphology and function among the diverse BAV patterns. 23 Almost 50% of individuals with a BAV are at increased risk of aortopathy. The risk of developing increased risk of aortic root and/or ascending aortic aneurysm, dissection or rupture is approximately 0.1% per annum. 19 24 Although it is unknown whether restriction of physical activity limits the rate or risk of aortic dilatation or dissection, there is a theoretical concern that haemodynamic effects of exercise training may accelerate aortopathy in athletes with BAV disease. Data derived from athletic cohorts suggest that most haemodynamically intense endurance disciplines are associated with the greatest increases in aortic dimensions. 25 26 Based on existing cross-sectional studies in athletic cohorts, the 99th percentile value of aortic root diameter in males and in females are 40 mm and 34 mm, respectively. 25 Consensus opinion recommends that individuals with an aortic root diameter >40 mm should not engage in sporting activities that are associated with increased loading conditions on the aorta such as power lifting and isometric exercises. Our own experience of 20 professional male soccer players with BAV (mean age 24±81 years) compared with 24 male non-athletes with BAV (mean age 30±8.2 years) and 22 healthy athletes with normal tricuspid aortic valve (mean age 26±7.2 years) did not show a significant change in aortic dimensions over a follow-up period of 5±2 years. 27 Our findings do not suggest that exercise alone contributes to aortic dilatation in young athletes with BAV over a modest period of observation. It is likely that several factors such as genetic predisposition, maladaptive cell-matrix remodelling processes, haemodynamic and biomechanical perturbations may account for the natural history of aortopathy associated with BAV disease.
28

Management of athletes with valvular disease
Based on personal experience, the majority of individuals with valve disease of a mild to moderate nature will remain asymptomatic without exercise limitation until late in the course of the disease. We recommend 1-2 yearly assessment with echocardiography and exercise stress testing to assess progression of valvular disease. Individuals with symptoms, severe valvular dysfunction, impaired ventricular function, pulmonary hypertension and arrhythmias should be advised to abstain from competitive sport and should be considered for corrective surgery.
Most individuals requiring surgical intervention will undergo valve replacement with a mechanical prosthesis that will be associated with a transvalvular gradient and the need for anticoagulation. In the absence of data on the natural history of a valve replacement or repair in individuals who exercise intensively, the current consensus recommendations are relatively conservative. Apart from avoiding contact sports or sports associated with trauma (such as competitive cycling, hiking, wind surfing and so on) in those who are anticoagulated, our practice is to apply the same recommendations as native valve disease of moderate severity (table 1) . Recovering individuals should be rehabilitated with a gradually increasing exercise programme over 12 weeks and may start exercising more vigorously after this time period when the sternal wound has recovered completely.
Compared with native valves, the haemodynamic changes associated with prosthetic valve are suboptimal and may impact on the athlete's performance, and therefore, exercise testing to evaluate haemodynamic response at the level of exertion expected for the sporting discipline is particularly helpful in such individuals.
Patients with valvular disease particularly MVP and BAV are at higher risk of infective endocarditis than the general population. In this regard, athletes with valvular heart disease should also be advised to abstain from having tattoos and body piercings. Athletes with atrial fibrillation should be anticoagulated and advised to avoid contact or collision sports (figure 4).
Advice for symptomatic patients
The main focus of the review was on competitive or high intensity recreational exercise in asymptomatic patients; however, there are a significant proportion of individuals with mildly symptomatic or moderate valvular disease who aspire to exercise for pleasure and health benefits. Although there are no scientifically Review based recommendations, it is our practice to encourage gentle walking or cycling for 20-30 min five times per week with a heart rate correlating with their ventilatory anaerobic threshold assessed by cardiopulmonary exercise testing or at 80% of the maximum age predicted heart rate for age (60%-70% for individuals taking beta-blockers). Static muscle strengthening exercises improve mitochondrial function and retards sarcopenia. We recommend 3-6 repetitions on weights up to 20% of the body weight on upper limbs and 50% of the body weight on the lower limbs. 29 Exceptions to strength training include individuals with severe aortic stenosis or pulmonary stenosis. Patients must be advised to stop exercising immediately in the event of angina, palpitations or dizziness.
ConClusIon
There is limited data on the impact of intensive exercise on the progression of valvular heart disease. Mild to moderate valvular disease is compatible with intensive exercise in most individuals. Individuals with symptoms and severe valvular dysfunction should abstain from competitive sport with view to reassessment after corrective surgery.
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